Abstract-Because of the energy load imbalance of cluster nodes in wireless sensor networks, this causes cluster heads tend to die earlier in the case of more tasks and routing problem such as larger energy loss, so an adaptive energy optimization clustering routing algorithm is proposed. The node residual energy and distance are taken into full consideration by the measure coefficient on the cluster-head election and competition radius calculation, which prolongs the lifetime of cluster-head. The modes of forwarding data between the cluster heads is single-hop routing or multi-hop routing decided by the form of the routing rules, so as to minimize the energy loss in the routing and guarantee the cluster-head does not tend to die earlier. The experimental simulation results demonstrate that the adaptive energy optimization clustering routing algorithm can effectively prolong the lifetime of the network and reduce the energy consumption.
I. INTRODUCTION
Wireless sensor networks (WSNs) is a new type of self-organized networks formed via cooperation between sensor nodes, it has a wide application prospect in many fields, such as resources exploration, environment monitor, industrial production and military reconnaissance, and it has such characteristic as low-power, real-time data transmission, and wide range of coverage. The study on Wireless Sensor Network is implicated in a number of aspects, including route protocol, coverage performance, target location, security protocol etc. As for the route protocol of wireless sensor networks, some researches have shown that the method that selects cluster-head by node and makes use of the communication between cluster-heads can more effectively save the energy in comparison with direct transmission of node data. LEACH algorithm is a typical clustering algorithm, proposed by Heinzelman, which randomly selects cluster-head by the reconstruction of cluster, namely, an equal probability uniform selection. However, the selection didn't consider the node's residual energy. Because the cluster which is closer to the base station tends to die earlier, namely, the number of nodes with clusters closer to the base station is lower than that with clusters far away from the base station.
Liu Zhi-xin et al. propose an efficient and energy saving clustering algorithm for wireless sensor networks, which rely on the physical location of the nodes and the deployment density of the node distribution area to select cluster-heads, and then the cluster head can be migrated to other nodes when its residual energy is lower than the energy threshold. The method can effectively balance the energy consumption and prolong the network lifetime. Song et al. propose an unequal clustering scheme based on energy balancing for large scale wireless sensor networks(WSNs) which aims to balance the node energy consumption and prolong the network lifetime as long as possible. A new dynamic routing control method is adopted to analyze the energy consumption of the node forwarder in networks and the network division strategy is also used to balance the energy consumption. Hu Yu et al. adopt the particle swarm optimization method to select master cluster heads and vice cluster heads. the standby suboptimum node is selected as vice cluster head to replace master cluster head for finishing the data collection and forwarding when the energy of the master cluster head is low, which effectively reduce the energy burden of master cluster head. A dual-cluster head and multi-hop clustering routing algorithm based on Particle Swarm Optimization (PSO) is proposed by Zhi-Bin Xie et al.. And the algorithm uses the node energy, the link distance and the position information to select the fitness function, and it adopts the vice cluster head to cooperate with master cluster head and complete the inter-cluster data forwarding, so it can reduce the energy consumption of cluster head and balance the energy consumption of the entire network. A clustering algorithm based on energy prediction for wireless sensor networks is proposed by Lin kai et al., which the prediction parameters of residual energy is introduced into the threshold calculation of cluster-head selection.
Although most of clustering algorithms mainly consider the residual energy of node while cluster-head is selected, when some node with more residual energy and farther distance, others nodes with less residual energy and nearer distance, have appeared in the network, if only selecting the node with more residual energy as the cluster-head, but not consider the distance factor, often The energy consumption of the monitoring area comes mainly from the transmitter circuit, amplification circuit, and reception circuit and data fusion. Assume that the emission energy of each packet is t e , the receiving energy consumption of each packet is r e , the energy consumption of amplification circuit is f e , the energy consumption of fusion for each packet is m e . In addition, assume that each round needs to send N packets and the transmission distance is d , so the Equation of energy consumption can be shown as follows:
where  denotes the influence factor of environment on data transmission, as shown in Equation 2:
where max P represents maximum datum transmission power, 1 G denotes the antenna gain of transmitter, 1 N denotes the interference coefficients of signal under the influence of environment, and o d is distance threshold.
The energy consumption of receiving and integrating N data packets respectively is:
By establishing the network model, we can more clearly understand the working principle and the energy consumption of the wireless sensor network based on cluster.
III. ADAPTIVE ENERGY OPTIMIZATION CLUSTERING
In wireless sensor networks, cluster head is closer to the sink node, whose competition radius is smaller, and the number of nodes in inner-cluster is also less. If the shortest distance or random election is adopted to select cluster head, cluster head near the sink point tend to die earlier due to heavy burden task , which leads to "energy hole" in monitoring area .The following data forwarding work cannot be carried out smoothly, because the appropriate cluster heads will be unable to be found. The proposed routing algorithm mainly has two steps in this paper: 1. In the cluster head election, the residual energy of node and the distance between node and sink node are taken into full consideration, we can obtain the measure coefficient between the residual energy and the distance, then the votes formula of competitive cluster-head can be got by weighing coefficient, so the election method can balance energy load within the cluster and prevent the cluster head near the sink node tends to die earlier due to the heavy burden. 2. establish the routing rules for transmitting data among the cluster heads: according to the consumption in process of forwarding datum and residual energy of cluster head, we can determine that some forwarding links are single hop or multi hop routing, which can optimize the network energy and prolong the network life cycle.
A. Clustering Algorithm Based on Energy Balance
Assume the initial energy of each node in monitoring area is S E , the longest distance from the sink node to cluster head in monitoring region is max d , the closest distance is min d .
(1) The cluster network initialization. Position information of sink node is sensed by itself, and the distance arriving each node can also be computed by the signal strength indicator technology, so we can get the longest distance max d and the closest distance min d , and the message can be broadcasted to node by flooding .Then the node in monitoring area begins to 1936 JOURNAL OF NETWORKS, VOL. 9, NO. 7, JULY 2014 broadcast its own residual energy information, ID and competitive radius to nearby node after receiving the message, and record the number of rounds (2) The cluster-head election. Suppose that the residual energy of nodes i is i E in monitoring area, and the distance between the node and sink node is i d , the number of rounds is n , so the measure coefficient  of the residual energy and distance is written as follows:
After getting the measure coefficient  , the vote formula () vote i for competing cluster head is defined, so the vote from the neighbor nodes can be obtained:
The higher the residual energy of nodes and the sink node is, the shorter the distance is, so the more votes make the node become cluster heads, namely, a node with higher residual energy and closer to the base station is more likely to be elected as a cluster head. It plays a relative balance role in a residual energy and distance here. The larger residual energy of nodes and the smaller distance will make the node has the opportunity to be elected as cluster head, which can alleviate task burden of the cluster heads near the sink node.
(3) Calculation of the competitive radius. The closer to the sink node of the cluster, the more frequently the cluster nodes for data forwarding tasks is, which cause the number of clusters near the sink node is much more and the neighbor nodes in the cluster are relatively less. The main energy of cluster-head is used to communicate with other cluster-heads. Considering the residual energy of cluster head is less, if most of their energy is used to integrate the collection information of neighbor node, it will burden to overweight energy in cluster-head communication. Therefore the residual energy in the radius calculation of the cluster head competition will also be taken into account, so that the number of nodes in inner-cluster is less, the residual energy also is less, the cluster head can have more energy to the inter cluster communication. Calculation formula of the cluster head competition radius can be obtained as:
where R represents the maximum coverage radius of sensor nodes, (4) Cluster-Head. Nodes in inner-cluster broadcast the size of votes each other, the node with the maximum votes is elected as cluster-head. The cluster head forms a new cluster through competition radius, and broadcasts its own elected messages to other nodes in the cluster. When the vote broadcasted by a node within the cluster is more than the cluster head, then it will be reelection to select a new cluster head, so a new cluster isformed by the competition radius of cluster head.
B. Routing Rules
For the cluster head communication, as shown in Fig. 3 , the cluster head 
where 1 4
From the comparison between the formula (5) and the formula (6), we can see that, relative to choosing the multi-hop mode to transmit 1 M 's data to 4 M , the single hop mode needs less energy consumption for the whole realization process. Using multi hop routing will make the network energy consumption increase, but the advantage is that it can balance the energy load of network node. Although using single hop routing can save network energy consumption, but it increase energy load of a single node, the analysis is as follows:
When it is single hop routing, the energy burden of 1 M is:
When it is multi-hop routing, the energy burden of 1 M is:
We can know from the above analysis, using the single hop routing will increase the energy burden of the cluster-head, and it will cause the cluster head tend to die earlier. Even if the network saves a lot of energy, but when numbers of cluster heads are unable to work, the network cannot run normally, so its lifetime is shortened accordingly. How to reduce the total loss of network energy when balancing the node's energy load, is a main problem we consider when formulating the routing rules in this paper. The routing rules of cluster-head with residual energy l E for selecting the next cluster head to forward N packets are as follows: In the range of the cluster-head's coverage radius R , the fastest cluster head's distance is max d , the nearest cluster head's distance is min d . We substitute min d into the formula (1) When using multi-hop routing mode to select the forwarding cluster-head, if the neighbor cluster-head's residual energy is O E and the distance is O d , the weight of this neighbor cluster head selected as forwarding cluster head is:
where  is the weighing coefficient in the formula (2).
The bigger the weight of the neighbor cluster head is, the more likely it is selected as the forwarding cluster head in next hop.
IV. EXPERIMENTS SIMULATION AND ANALYSIS
The algorithm is simulated through opnet 14.5 on the PC with processor Core i5 3450(main frequency 3.10GHz), and memory 4G, constructing the simulation platform based on Windows system. The result of the simulation is the average value of 50 independent experiments simulation data. Parameters for each experiment are the same. The size of the monitoring area is 150m 150m  . The initial energy of each node is 10J, the running time of the algorithm is 5h, and the comparison algorithm is the algorithms of literature [7] and [8] . Figure 2 describes the total energy consumption of the routing algorithm and comparison algorithm in the adaptive energy optimization clustering under the same experiment simulation condition. As we can know from the figure, the energy is exhausted after running for 5h by using algorithms of literature [7] and [8] , while the energy consumption by using the proposed algorithm in this paper is about 1660J, the residual energy is higher than 300J in contrast. Because the proposed routing rules can select the single hop forwarding mode directly when the cluster head's energy is big, while the literature [7] and [8] algorithm do not consider the situation of single hop routing, so this algorithm's total energy consumption in the early operation will be less than literature [7] and [8] . It has lower energy consumption. Algorithm in [7] Algorithm in [8] Our algorithm Figure 3 . The change situation of the network lifetime when the node number is changed Figure 3 shows the change situation of network lifetime when the sensor nodes in the three algorithms increasing gradually, the ordinate represents the death time of the first node in the network. Since the routing algorithm based on the adaptive energy optimization clustering considers the node energy balance problem in the cluster head election, the calculation of competition 1938 JOURNAL OF NETWORKS, VOL. 9, NO. 7, JULY 2014 radius and the formulation of routing rules. So compared with literature [7] and literature [8] , the node's lifetime is longer. When the node number is 300 n  , the length of the lifetime in this algorithm is 126.6% of literature [7] , and 125% of literature [8] , it can prolong the working life of the network node.
With the increasement of running time, Figure 4 demonstrates numbers of clusters in network expansion; the ordinate represents the number of cluster. As we can see from the figure, the cluster numbers of three algorithms are shown as rising trend, and then decline slowly. This is because in the earlier stage, the cluster-head has more energy, and the competitive radius is large. In the running process, the energy becomes less and less. In order to save the energy of the data fusion, most of energy is used for the inner-cluster communication. The competitive radius of cluster head begins to shrink. And the cluster numbers increase more and more. When the network running for some time, some cluster heads die one after another, at this time the cluster numbers begin to reduce gradually. In the running time of Figure 4 , the proposed algorithm has more cluster numbers compared with other two algorithms, which is because in the calculation of competitive radius, this algorithm not only take the residual energy into consideration, but also introduces the weight between the residual energy and distance. So in order to maintain the inner-cluster communication, the cluster-head shrinks the competitive radius so as to prolong the network's lifetime. This paper proposes an adaptive energy optimized routing algorithm for wireless sensor networks, including the cluster head election, competitive radius calculation, routing rules and other important content, the algorithm prolongs the network's lifetime and minimizes the energy consumption at the same time. Through the comparison between the experiment simulation and the other algorithms, it shows that the proposed algorithm has an obvious advantage in reducing the total energy consumption compared with the comparison algorithm.
And it also obtains a good result in prolonging the lifetime of sensor nodes.
